Editorial Note: This manuscript has been previously reviewed at another journal that is not operating a transparent peer review scheme. This document only contains reviewer comments and rebuttal letters for versions considered at Nature Communications.
The manuscript by Wakhloo et al. provides two major findings: (1) Epo-mediated de-novo generation of pyramidal neurons without prior divisions, but transformation and (2) that learning induces transient ischemia that in turn activates Epo/EpoR axis in pyramidal neurons that in a paracrine-mode ultimately lead to de-novo generation of neurons in CA1 layer of the hippocampus. To substantiate the first finding they used single cell transcriptomics to identify immature stages of these de-novo generated neurons. Unfortunately, they only found very few cells that would fulfill this criteria in the EPO-treated mice as compared to Controls in the tSNE plot (Seurat). These few cells could not entirely be validated using pseudotime analysis. A number of cells from Seurat's immature glutamatergic cluster are located at the very end of the pseudotime trajectory ( Fig. 2g ), indicating that they may actually be mature. The true identity of these cells may now be investigated in various laborious ways, but ultimately the easiest and most convincing way to deal with them is to simply repeat Fisher's exact test without them. Since this requires minimal effort, it is surprising that the authors did not fulfill this basic request. I accept that the authors want to refrain from manually adjusting cluster assignments e.g. in the t-SNE figure. The point of repeating Fisher's test is merely to demonstrate that the test results do not hinge on this small set of "shaky" cells. The test on Monocle's "Cluster 2" indeed suggests that this is not the case, however it is easier for reviewers and readers alike to comprehend the Seurat analysis which has been laid out in greater detail in the main manuscript, as opposed to the Monocle analysis where it is not as clear what the different clusters represent. I would like to re-state my request to repeat Fisher's exact test after excluding the immature cells with >15 pseudotime.Therefore, we asked to re-assign the cells qualifying as mature neurons in pseudotime and assign in the t-SNE plot and to repeat the fisher test with corrected numbers. This is crucial, as t-SNE is a tool offering a 2D visualizations of cells likely exhibiting a similar transcriptome where cells at the border can be wrongly assigned. The authors further based their reluctance to follow my suggestion on the fact that these wrongly assigned cells do express the markers of immature cells tbr1, tle4 and Dcx. If this is the case, I would like to know how many of the cells assign as mature cell exhibit expression of these markers and vice versa. Can the authors use the single expression of these markers to distinguish the different maturation stages on the transcriptome? In the link to available transcriptome data from the Linnarsson's lab (even provided as supporting information in the response to the reviewers page 8) all three markers in isolation can be found in some mature granule neurons. In addition, the lack of biological replicates for the cells used in the tSNE plot allows only nominal p-values. So it remains unclear whether this is relevant at all. Regarding the tbr1 protein: in the panel d and f in page 8 of the response to the reviewer, the Tbr1 positive cells within the dentate gyrus, which should serve as a positive control are only detected in the P29-EPO image. Are these pictures taken at the same laser intensity? January 15, 2020 Hannelore Ehrenreich and Klaus-Armin Nave Max Planck Institute of Experimental Medicine
Wakhloo et al Functional hypoxia drives neuroplasticity and neurogenesis via brain erythropoietin.
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Reviewer #1 (Remarks to the Author):
The authors have maintained focus on a lineage speccific question in neurons despite it being highly related to prior findings in oligiogendeocytes by saying this is not their question. Well, perhaps their question is not the best question! The narrow framing seems to have missed an opportunity to make a more significant biological advnace.
We thank the reviewer for the feedback and for taking the time to review our manuscript once more.
Having said this, I am quite impressed with overall improvements to the paper in the current version and the careful attention to all reviewers points. I recommend publication without major revisions and have no additional comments to make except that the discussion should expand on the point that neuron-glial interactions are an impportnat area for future study.
We have now included in the discussion the point that neuron-glial interactions are an important area for future study, page 9.
Reviewer #2 (Remarks to the Author):
The manuscript by Wakhloo et al. provides two major findings: (1) Epo-mediated de-novo generation of pyramidal neurons without prior divisions, but transformation and (2) that learning induces transient ischemia that in turn activates Epo/EpoR axis in pyramidal neurons that in a paracrine-mode ultimately lead to de-novo generation of neurons in CA1 layer of the hippocampus.
We thank the reviewer for taking again the time to read our paper as well as our extensive response, and for acknowledging our major findings in this final round of review.
To substantiate the first finding they used single cell transcriptomics to identify immature stages of these de-novo generated neurons. Unfortunately, they only found very few cells that would fulfill this criteria in the EPO-treated mice as compared to Controls in the tSNE plot (Seurat). These few cells could not entirely be validated using pseudotime analysis. A number of cells from Seurat's immature glutamatergic cluster are located at the very end of the pseudotime trajectory (Fig. 2g ), indicating that they may actually be mature. The true identity of these cells may now be investigated in various laborious ways, but ultimately the easiest and most convincing way to deal with them is to simply repeat Fisher's exact test without them. Since this requires minimal effort, it is surprising that the authors did not fulfill this basic request. I accept that the authors want to refrain from manually adjusting cluster assignments e.g. in the t-SNE figure. The point of repeating Fisher's test is merely to demonstrate that the test results do not hinge on this small set of "shaky" cells. The test on Monocle's "Cluster 2" indeed suggests that this is not the case, however it is easier for reviewers and readers alike to comprehend the Seurat analysis which has been laid out in greater detail in the main manuscript, as opposed to the Monocle analysis where it is not as clear what the different clusters represent. I would like to re-state my request to repeat Fisher's exact test after excluding the immature cells with >15 pseudotime. Therefore, we asked to re-assign the cells qualifying as mature neurons in pseudotime and assign in the t-SNE plot and to repeat the fisher test with corrected numbers. This is crucial, as t-SNE is a tool offering a 2D visualizations of cells likely exhibiting a similar transcriptome where cells at the border can be wrongly assigned.
We now present the requested Fisher's exact test (one-sided post hoc test) after excluding the immature cells with >15 pseudotime: Even after exclusion of the 10 cells with pseudotime >15, the increase in immature cells is still significant at p=0.039. If the immature cells with high pseudotime (>15) are re-assigned to the mature glutamatergic cluster, we still obtain p=0.041. This is now included also in the manuscript, page 4.
However, as shown in the table below, provided for the reviewer, the marker expression of the immature cells with high pseudotime is much more similar to that of the immature cells with low pseudotime than to the mature cells, pointing to an immature identity of these cells (particularly the Dcx expression should remove any doubt -see also below). In addition, we would like to stress again, that we also provided immunostaining for Tbr1 and Tle4, which nicely confirmed on protein level the increase in immature neurons carrying these two markers -see Figure 2e .
The authors further based their reluctance to follow my suggestion on the fact that these wrongly assigned cells do express the markers of immature cells tbr1, tle4 and Dcx. If this is the case, I would like to know how many of the cells assign as mature cell exhibit expression of these markers and vice versa. Can the authors use the single expression of these markers to distinguish the different maturation stages on the transcriptome? In the link to available transcriptome data from the Linnarsson's lab (even provided as supporting information in the response to the reviewers page 8) all three markers in isolation can be found in some mature granule neurons.
The table belowpresented for the reviewer -shows the percentages of cells positive for each marker (and their different combinations) for each cell group, i.e. immature with high pseudotime, immature with low pseudotime and mature cells. Furthermore, we provide a graph showing the expression of the 3 markers along the trajectory. We hope to hereby alleviate the reviewer's concerns with regard to the questioned immature identity of cells, since these data show that the population of immature neurons with pseudotime >15 clearly expresses the 3 markers and is highly similar to the remaining immature neurons.
As shown in the table, the immature cluster (with pseudotime greater or smaller 15) has a considerably higher percentage of cells expressing Tbr1, Dcx and Tle4 as compared to the mature cluster. Therefore, these markers -in isolation or togetherappear to be characteristic for this cluster (again not unexpected, due to them being initially identified as marker genes of this cluster via differential gene expression analysis). In this sense, these 3 markers allow to differentiate between immature and mature neurons and therefore differentiation stages, e.g. triple-positive cells are very rare (<1%) in the mature cluster but are found in 8-20% of immature cells. Regarding the question if the immature cells with Monocle's pseudotime >15 are indeed immature, we hope to finally convince the reviewer with the fact that Dcx is expressed in 30% of immature neurons with pseudotime >15 (highly similar to 33% in immature neurons with pseudotime <15), but only in 8.6% of mature neurons. This should provide additional support for the immature identity of the cells in question, since Dcx is a well-established marker of immature neurons and its expression known to subside upon maturation.
With regard to the Linnarson data set, we would like to point the reviewer's attention to dataset C (http://linnarssonlab.org/dentate/), where immature pyramidal neurons (in DG) are shown to express all these 3 markers (which are more relevant for us as compared to the mature granule neurons mentioned by the reviewer). Unfortunately, these datasets do not contain mature pyramidal neurons of CA1 that would allow for a direct comparison with the mature neurons in our data. We are sorry that our biological replicates were obviously not clearly enough mentioned which has led to misunderstandings by this reviewer. This has now been corrected and made even clearer in the revised manuscript, pages 12, 22, 24.
% positive cells Tbr1 Dcx
We analyzed in total 3 mice per treatment group, i.e. 2 biological replicates each, always shown together in the graphical representation. In order to exclude that the observed increase is driven by a deviation of cell numbers in one mouse, we had already provided the percentage of immature cells for each mouse separately in the methods section (page 24), which shows that the tendency of an increase in immature cells under EPO is present in all mice. In addition, we provided immunostaining results for Tbr1 and Tle4 (figure 2e) as mentioned above, confirming the observed increase also on the protein level.
Regarding the tbr1 protein: in the panel d and f in page 8 of the response to the reviewer, the Tbr1 positive cells within the dentate gyrus, which should serve as a positive control are only detected in the P29-EPO image. Are these pictures taken at the same laser intensity?
In fact, the Tbr1 positive cells within the dentate gyrus, serving as a positive control are also detected in the P55-EPO image. This P55 image was only presented for the reviewer's interest. However, the reviewer is correct, that the laser intensity at which the pictures were taken was different (P29 -191ms versus P55 -200ms). We now prepared and provide below, again for the reviewer's interest, the P29 images next to the P55 images taken at the same laser intensity (200ms).
